The purpose of this study was the verification of the usefulness of the Persian version of the Fagerstrom Test for Nicotine Dependence (FTND) in patients with opioid use disorder /cigarette smokers undergoing methadone maintenance treatment. 354 patients with opioid use disorder / cigarette smokers at the Shafa Hospital, Guilan University of Medical Sciences participated in this study and took the Persian version of the FTND. The gold standard was the nicotine dependence criteria of the DSM-5. By DSM-5, 92.1% of smokers were diagnosed as dependent, while only 64% were diagnosed as dependent by FTND. In confirmatory factor analysis of the FTND, our results showed the two-factor solution providing the best fit. Three and four items were loaded on Factor 1 and Factor 2, respectively. One item (time to first cigarette) was load on both factors. After rescoring item 4, model fit showed better absolute fit than original model (χ 2 /df=1.55, P=0.10). Cronbach's alpha coefficient of the FTND was 0.71. This study showed the validity and reliability of the Persian version of the FTND. Our results confirmed the usefulness of the FTND to identify individuals who have the greatest risk for disease and to assess of programs for smoking cessation.
Introduction
There are numerous works to assess tobacco dependence (Colby et al., 2000; Piper et al., 2006) ; however, the most appropriate measure to use, given the research question and study population, is often unclear. Given the multidimensional and continuous nature of dependence (Johnson et al., 2005; Shadel et al., 2000; Shiffman et al., 2004) , many researchers attempt to develop a useful measure. Although several instruments have been developed to assess nicotine dependence, the Fagerstrom Test for Nicotine Dependence (FTND) has been popular for its widespread use in research and clinical applications (Heatherton et al., 1991) .
The FTND is a revision of the eight-item Fagerstrom Tolerance Questionnaire (FTQ), which was created as a self-report assessment of physical nicotine dependence (Fagerström, 1978) . Citing a variety of psychometric deficiencies with the FTQ, Heatherton et al. (1991) deleted two items and revised the scoring protocols of several others to produce the FTND. Originally the aim of FTND was to determine patients who have withdrawal syndrome and nicotine replacement therapy is necessary. The instrument consists of six of the original FTQ items with revised scoring for two questions.
Smoking prevalence is high among those who seek treatment for their alcohol or other drug addiction. Current literature cites smoking prevalence among addiction treatment clients as ranging between 49% and 98% (Schroeder, 2009) . Guydish et al. (2011) performed a systematic review of smoking prevalence in addiction treatment and found that the odds of smoking are higher in methadone maintenance settings (OR = 2.25, CI = 1.08, 4.68) as compared with outpatient settings. Lemon et al. (2003) suggested that smoking cessation may be modestly associated with improved abstinence rates. Thus, many researchers and clinicians have attempted to find inexpensive, comprehensive, and valid measures of this construct. The FTND is one of the tools in this area. There is only one study about validity and reliability of Persian version of FTND in cigarette smokers. Sarbandi et al (2015) showed a factor with variance coverage of 42.7% for all items. The Cronbach's alpha coefficient was 0.71. In this study addiction status and nicotine dependency of participants were not evaluated. Since no published confirmatory factor analysis (CFA) of FTND data has included patients with opioid use disorder/cigarette smokers under methadone maintenance treatment (MMT) as part of its sample groups, the objective of this study was to determine the best-fitting factorial structure among the seven models published in the literature.
Methods

Design
A Confirmatory factor analysis was completed on the seven models of FTND. CFA is a multivariate statistical technique commonly used in psychology, social, and health-related research (Pett et al., 2003) . This approach is frequently used in testing construct validity and dimensionality of instruments or scales. In other words, it tests the number of factors (latent constructs) that best fit the model being examined (Byrne, 2016) . According to a power analysis for confirmatory factor analysis (CFA), a sample size of 265 participants was adequate for non-normal complete data (Muthén and Muthén, 2002) .
Participants
A total of 354 patients with opioid use disorder /cigarette smokers undergoing MMT were recruited at the Addiction Treatment Center of Shafa Hospital, Guilan University of Medical Sciences, Iran between June 2016 and November 2016. Eligible subjects were men (aged 18-60 years) who were current smokers; that is, they had a smoking habit for at least the past year. All participants signed the written informed consent. The ethics board of Guilan University of Medical Sciences approved the protocol. We excluded patients with cognitive and current psychotic disorders. Participants were interviewed using the Drug History Questionnaire for acquiring information on demographics and drug use. Tobacco dependence as assessed by the DSM-5 and FTND. It was made by an experienced psychiatrist (SR) through a structured interview. Individuals were considered nicotine use disorder by the DSM-5 if two or more of eleven criteria were met in the same 12-month period (American Psychiatric Association, 2013) .
Instrumentation
According to total score of FTND, we can classify the nicotine dependence into several levels: low or no dependence (0 to 2 points); moderate dependence (3 to 5 points); and high dependence (6-10 points) (Burling and Burling, 2003) . Pomerleau et al. (1994) examined the reliability (Cronbach's α=0.64, test-retest correlation=0.88) and validity of the original version of the FTND. We translated the FTND into Persian version, back-translated it, compared the original version with the back-translated version, and compiled a final Persian version.
Procedures
Ethics approval was obtained from the Review Board of Guilan University of Medical Sciences. Subjects were provided with an explanatory statement and were informed that participation was voluntary and anonymous. For our CFA we conducted a search for literature relating to the factor analysis of the FTND. Studies were identified by searching in a number of databases (PubMed, Medline, PsycINFO, Ovid, google scholar) and by scanning reference lists of published articles. Meneses-Gaya et al. (2009) and provided valuable reviews of the literature on the various models. We included studies in which a detailed factor structure of FTND had been presented.
Statistical analysis
All analyses were performed using Stata SE, Version 12. We assessed descriptive statistics to check the normality of the data. All items of the FTND except two were binary variables. The asymptotic distribution free (ADF) estimation was used for all structural equation modeling (SEM) due to non-normal data distribution. ADF estimation is appropriate for use with categorical data and is free of distributional assumptions (Browne, 1984) .
As it is advised to evaluate SEM fit (Hoyle, 2012) , we performed several indices to evaluate model fit, including three absolute fit indices (chisquare, root mean square error of approximation and standardized root mean of the residual) and two comparative fit indices (Comparative Fit Index and the Tucker-Lewis Index). Although a square, with a non-significant chi-square test (p>0.05) was interpreted as good fit, this result depends to sample size. In root mean square error of approximation (RMSEA), values close to zero are optimum, with a maximum of 0.08 indicating adequate fit. In standardized root mean of the residual (SRMR), values less than 0.05 indicating good fit. For both comparative fit indices, values above 0.95 indicating good fit. Models were judged as follows: a) good: model meets all three specified criteria for the SRMR and both comparative fit indices b) acceptable: model meets criteria for SRMR and at least one of comparative fit indices c) not acceptable: model meets criteria for only comparative fit indices or meets criteria for only the SRMR. To reach final model with best possible fit, we deleted non-significant items and pathways oneby-one in all modelling, and used modification indices to add logically possible pathways. After each deletion or modification, we re-evaluated model fit comprehensively.
Cronbach's α was applied to investigate the internal consistency of the test. A Cronbach's alpha value between 0.7 and 0.8 is considered "acceptable" reliability. Nicotine dependence was evaluated according to the DSM-5, and subjects are divided into 2 groups: a group with nicotine use disorder (NUD) and a group without NUD. We compared the total scores of the FTND between the 2 groups. Furthermore, we compared the total scores of the FTND by age, education, marital status, and current substance use disorder and calculated the correlation between the total scores of the FTND and age, smoking duration and agonist dosage in each of these 2 groups.
Results
Participant profile
The 354 participants were enrolled in this study. The mean age of participants was 36.8±10.8 years. The majority of participants were between 30-39 years old. The average number of years the participants had smoked was 18.6±6.8. All subjects smoked cigarettes. The mean number of cigarette per day (CPD) of participants was 12.6±6.2. The smokers reported consuming a median of eight cigarettes per day (range=0-35); overall, 44% smoked ≤10 cigarettes per day. By DSM-5, 92.1% of smokers were diagnosed as dependent, while only 64% were diagnosed as dependent by FTND. The mean score of FTND was 3.8±2.3. The mean FTND scores±SD of the group with or without nicotine dependence were 4.1±2.3 and 1.0±1.4 respectively, and the difference was significant (P<0.01, Mann-Whitney's U-test). The full demographic distribution is outlined in Table  1 . Table 2 summarizes the endorsement rates (percentage of respondents selecting response) for each of the 6 items for the Persian version of the FTND and item-total correlations with total scale. The first one in the morning All others 
Good
Acceptable Non acceptable Factor structure: 1/2 signifies cross-loadings into two factors; "-" mis-specified paths, i.e. items retained in the scale but not specified in factor solution Fit statistics: Minimum criteria of acceptable fit and more stringent criteria (in parentheses) are presented after the index. 
Factor analyses of the FTND
The confirmatory factor analysis with ADF method was undertaken to examine the underlying latent variable structure of the FTND. A total of 7 factor structures including one-and two-factor solutions were tested. The various factor models are presented in Table 3 . The minimum principal component loadings and factor loadings according to which an item had been retained in the model were determined by the author(s) of the original papers. In the CFA of the FTND, two models showed acceptable levels of fit statistics, with the two-factor model of Radzius et al. (model 5) providing the best fit. Most other studies showed relatively low levels of fit. We performed two modifications in the model 5. In modification 1, we added a covariance path between item 1 and item 4. Model fit showed better absolute fit than original model (χ 2 /df=0.68, P=0.74). We observed that scoring of item 4 was not appropriate for the population under investigation. 36% of participants scored zero on item 4 because they smoked fewer than ten CPD. Then we modified scoring of item 4 as suggested by Mwenifumbo and Tyndale IV (2010) . Item 4 was rescored as follow: 0 (≤4 CPD), 1 (5 to 8 CPD), 2 (9 to 15 CPD), or 3 (≥16 CPD). The change in the dependence diagnosis with the new scoring was as follows: 46% were highly dependent compared with the original 24%; 32% were moderately dependent compared with the original 42%. The goodness-of-fit statistics of modification 2 also showed better absolute fit than original model (χ 2 /df=1.55, P=0.10).
It would be Ideal to test for invariance of model fit for different demographic subsamples, such as higher-agonist dosage versus loweragonist dosage. However, since substantial sample size is needed for ADF distribution models (Browne et al., 1993) ; we were unable to conduct such subgroup analyses.
Subscale scores and internal consistency
Modification 2 of the best model showed better internal consistency. Mean scores and standard deviations for each subscale in modification 1 of the best model were: "Morning Smoking" 2.20 ±1.69; and "Daily Smoking" 3.12 ±2.12. After modification 2, the mean score of factor 2 changed to 4.2±2.4. The internal consistency was measured using Cronbach's alpha coefficient. The resultant alpha coefficient was in favor to the modification 2. In the case of modification 1, the Cronbach's alpha values were α = 0.52 for factor 1 and α = 0.57 for factor 2; these values were, respectively, 0.52 and 0.67 in the modification 2 of the best model. The Cronbach's alpha values of the six items of FTND for the modification 2 were slightly higher than for the modification 1 in the MMT patients (0.71 versus 0.63). The correlation between two factors in both modifications was significant (r= 0.77, P<0.01 and r= 0.81, P<0.01, respectively).
We compared the total scores of the FTND between the group with nicotine dependence (N=326) and the group without nicotine dependence (N=28). We found no other differences in the total scores of the FTND in the groups with and without nicotine dependence. In both groups, there was no significant correlation between the total scores of the FTND and age, smoking duration or agonist dosage.
Discussion
To our knowledge, this study was the first to examine the factorial structure, validity and reliability of the Persian version of the FTND in patients with opioid use disorder / cigarette smokers undergoing MMT.
In terms of the FTND total scale scores, a mean of 3.8 and an SD of 2.3 was found for the entire distribution of scores, suggesting that the MMT patients generally reported low to moderate nicotine dependence. It was remarkable that there was a discordance between clinical interview based on DSM-5 and FTND. As in several other studies (Breslau and Johnson, 2000; Hughes et al., 2004; Moolchan et al., 2002) , we found that the DSM-5 and Fagerstrom measure were weakly related. The DSM-5 and the FTND had no obvious criterion/question overlap; consistent with the DSM-5 identifying tobacco dependence as a psychological disorder (American Psychiatric Association, 2013) , while the FTND focuses on physical tobacco dependence (Heatherton et al., 1991) . DSM-5 has changed the definition of substance use disorder (SUD), especially for nicotine compared to DSM-IV. In DSM-5, the number of nicotine use disorder (NUD) used for diagnosis increased from 7 to 11, with the addition of three criteria of substance use disorder and a new Craving criterion (Chung et al., 2012) . In addition, the threshold for nicotine diagnosis would be lowered from 3 to 2 symptoms. It is not surprising to observe greater prevalence of proposed DSM-5 NUD compared to FTND, due to proposed DSM-5's lower threshold and expanded array of symptoms (Etter et al., 1999; Moolchan et al., 2002) . Then it may be incorrect to label NUD or even nicotine dependency with using only FTND eISSN 1303-5150 www.neuroquantology.com and clinicians should ask questions about other aspects of NUD not included in the FTND. Initial studies of factorial analysis indicated that the FTND presented only one factor (Etter et al., 1999; Heatherton et al., 1991; Wellman et al., 2006) . However, this study and most recent studies have showed that the FTND measures two factors (Breteler et al., 2004; Buckley et al., 2005; Burling and Burling, 2003; Hafeziahmadi et al., 207; Haddock et al., 1999; Huang et al., 2006; Hughes et al., 2004; Hafezi Ahmadi et al., 2014; John et al., 2004; Payne et al., 1994; Radzius et al., 2003; . Regarding the distribution of the items by factor, we showed that questions 3 and 5 are believed to belong to a single factor related to the urgency to restore nicotine levels (factor 1, designated the "Morning Pattern" factor), whereas questions 2, 4 and 6 are thought to be part of another factor related to the pattern of consumption (factor 2, designated the "Smoking Pattern" factor). The question 1 ("How soon after you wake up do you smoke?") was found to be present in both factors. Support for this model can be found in the work of Huang et al. (2006) and . Also in several previously published EFAs, researchers suggested the same two-factor solution with a cross-loading in the different sampled populations (Haddock et al., 1999; Payne et al., 1994; Radzius et al., 2003; Karimzadeh et al., 2010) . The results of this study indicate that simplistic scoring of the six items of the FTND (i.e., a single, total score) will result in greater measurement error. Participants may score high on one dimension and lower on the other; a single total score of the items lack sensitivity to subtle differences in dependence profiles. The use of a single score may restrict our capacity to explore the manifestation and determinants of the complex phenomenon of tobacco dependence.
The study participants reported relatively light smoking, it is possible that the discordance between the DSM-5 and the FTND may be due to daily cigarette consumption. Then modifying the FTND provides a better fit of model and higher reliability. This phenomenon can be due to the basement effect in the cigarette consumption question which masks population variation. This finding is consistent with the study of Okuyemi et al (2007) . Similar to our study, Sarbandi et al (2015) in a validation study of the Persian version of FTND showed that the most participants were non heavy smokers (mean cigarette smoking per day in Iranian population was about 12). Also our study showed that the reliability index for the total score on the FTND was excellent (0.71), factor 2 presenting better reliability (0.67) than did factor 1 (0.52), possibly due to the small number of items in the first factor.
Our results support the reliability of the Persian version of the FTND. Consistent with studies of Etter et al. (1999) and Weinberger et al. (2007) , we found that the internal consistency of the Cronbach's alpha score of modification 2 was 0.71. Although this finding was similar with study of Sarbandi et al (2015) , the result was greater than that some previously studies (Meneses-Gaya et al., 2009) . This discrepancy can be due to differences in the sample and cultural factors. The smokers who participated in our study were male MMT patients.
The most important strength of our study is the application of SEM to assess the FTND. Therefore we could to identify a postulated latent variable, to use CFA to assess latent construct, to measure correlation among measures, and to improve model fit with the suitable addition of modifications.
It should be noted limitations of this study. The sample size of this study is small for subanalyses between groups and within group to perform CFA. Therefore, results should be interpreted with caution. Men were only participants in our sample. Studies with female smokers are required to generalize our model to women. Moreover it is possible that MMT patients may under-reported their levels of dependence on cigarette smoking. Also objective markers of tobacco use, such as carbon monoxide levels, were not evaluated in this study.
In conclusion, the results of this study showed that using the FTND, with an awareness of two-factor dimensionality and our proposed modification, can provide clinically valuable information. Although the FTND is a potentially useful instrument to assess cigarette smoking dependence in MMT patients, this test does not address all aspects of nicotine use disorder (NUD) is proposed by DSM-5. Further comparison between DSM-5 and FTND as well as the further assessment of the measurement variance with the FTND among MMT patients and different characteristics are recommended.
